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(57) ABSTRACT 

Asubstantially rigid riser to offshore platform connector and 
a process of using the connector alloWs a riser to be 
preloaded and adjustably positioned relative to the offshore 
platform. The connector alloWs the riser tensile load to be 
limited by preloading and adjustably positioning the con 
nector. In the preferred embodiment, hydraulic cylinders are 
used to preload the connector as Well as to partially or fully 
support the riser during maintenance or repair procedures. 

31 Claims, 2 Drawing Sheets 
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ADJUSTABLE RIGID RISER CONNECTOR 

FIELD OF THE INVENTION 

This invention relates to offshore platforms and drilling 
processes. More speci?cally, the invention is related to 
loW-heave or heave-constrained buoyant platforms, such as 
tension leg platforms used to drill into and produce ?uids 
from offshore hydrocarbon resources. 

BACKGROUND OF THE INVENTION 

Some offshore resource recovery activities, e.g., With 
draWal of hydrocarbon ?uids from a subsurface reservoir 
through underWater tubular risers to surface facilities, are 
typically accomplished using an offshore platform. The 
offshore platform supports at least a portion of the surface 
facilities and Well tubulars While Withstanding Waves, Wind, 
and other offshore environmental conditions. The offshore 
platform typically includes an above-Water deck or other 
Working platform for the placement of at least a portion of 
the resource recovery facilities. For offshore platforms 
located in shalloW Water depth locations, a generally rigid 
toWer structure supports the Working platform and is typi 
cally ?xed to an underWater or sea?oor anchor or founda 
tion. For offshore platforms located in deeper Waters, e.g., 
offshore platforms located in Waters having a depth typically 
exceeding about 500 to 2000 feet (or about 150 to 600 
meters), this type of ?xed toWer structure is typically not 
cost effective, and buoyant platforms or other types of 
resource recovery facilities are more likely to be used. 

Drillships or other buoyant platforms typically use one or 
more buoyant hull portions to support the risers and other 
resource recovery facilities, but buoyant platforms are sus 
ceptible to signi?cant positional variations due to Wave and 
Wind actions, e.g., up and doWn position variations or heave 
motions. A loW-heave buoyant platform can be achieved by 
using various design options, e.g., semi-submersible spars, 
deep draft ?otation elements, and increased skin friction 
devices. HoWever, some amount of heave motions must still 
be accommodated by loW-heave platforms. 

Tension leg platforms (TLPs) are a type of heave 
constrained offshore structure that also incorporates one or 
more buoyant portions, but includes tension cables, tubulars, 
or other heave restraint means attached to the platform and 
extending generally doWnWard toWard a sea?oor or other 
underWater anchor, typically secured by subsurface piles. 
These substantially vertical or heave restraint means are 
sometimes called tendons. The tendons are typically placed 
in tension, e.g., to provide resistance to the buoyant or heave 
forces on the submerged hull portions at essentially all times 
during resource recovery operations. When compared to 
some other buoyant or semi-submersible platforms, the 
tendons of a TLP greatly limit heave motions due to Waves 
and other environmental forces that tend to vertically dis 
place the buoyant portions of the TLP, but do not entirely 
eliminate all platform motions. 

Unless otherWise restrained or controlled, signi?cant lat 
eral offset motions of the Working platform of a TLP are 
typically still present in deep Water applications due to the 
variations in Wind, Waves, tides, currents, and other envi 
ronmental forces. The tendons of a TLP may provide some 
added restraint and stability in pitch, roll, or other motions, 
especially if relatively stiff tendons are used, but some pitch, 
roll and other motions of a TLP are typically present. The 
tendon-restrained TLP in deep Water moves someWhat like 
a parallelogram-like structure With pinned corners When the 
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2 
TLP is exposed to lateral offset forces. With signi?cant 
lateral forces and platform offset motion, the upper portion 
of the TLP “setsdoWn” (i.e., the upper buoyant portion tends 
to be pulled doWnWard by the tendons When the upper 
portion is laterally offset), thus loWering the position of the 
partially submerged buoyant portion relative to the Water 
line. In addition to increases in Wave height and/or mean 
Water levels due to extreme environmental conditions, this 
lateral offset and loWering tends to create increased buoyant 
forces and increased riser tension. 

Because extreme environmental conditions might impose 
unacceptable tensile loads on a riser ?xedly attached to a 
heave-constrained platform, dynamic riser connectors and 
tensioning equipment have typically been used. The 
dynamic riser tensioning equipment alloWs relative vertical 
motion betWeen the riser and platform While maintaining a 
generally constant tensile force on the riser. Such equipment 
can comprise hydraulic cylinder(s) With a piston and rod end 
attached to the riser and the cylinder attached to the platform 
so that a substantially constant tensile force is applied on the 
riser generally independent of the position of the piston(s) 
Within the cylinder(s). 

HoWever, ?exible pipe connections and dynamic riser 
tensioners typically provide relatively little additional lateral 
or other motion constraint When compared to ?xed connec 
tions. A platform With ?exible pipe or dynamic riser con 
nections may require additional tethers, mooring cables or 
other means for providing further resistance to the lateral, 
pitch, roll or other motions. In addition, dynamic riser 
connections limiting the tension on the risers of a TLP may 
transfer excessive peak and/or jerk loads onto the tendons 
When the TLP is exposed to extreme (e.g., high Wind and 
Wave) environmental conditions or a failure of the dynamic 
riser connection. Dynamic riser tensioners can also add 
signi?cant cost and complexity to the riser system. 

SUMMARY OF THE INVENTION 

One embodiment of the present invention provides a 
substantially ?xed position, but adjustably located riser 
connector and a process for adjustably locating and ?xedly 
connecting a riser to a buoyant platform. The preferred 
process positions and preloads the riser/connector, ?xedly 
supports the riser, removes the preload, and alloWs later 
repositioning of the connector Without the use of a drill rig. 
The substantially rigid riser connection provides increased 
stability and motion restraint While the connector preloading 
and repositioning capabilities limit riser and/or tendon loads 
to safe levels. The preferred riser connector comprises a nut 
threadably attachable to a riser length adjustment spool, 
means for adjusting the axial position of the nut relative to 
the riser, means for pre-loading the nut and/or riser, and 
means for removing the preload. The means for pre-loading 
and removing the preload is preferably by pressuriZing and 
depressuriZing a plurality of ?uid or hydraulic actuators 
contacting the nut. The means for position adjusting is 
preferably a motor-driven support ring rotator and a plurality 
of support bars connected to the nut. The support bars 
preferably have overall length dimensions comparable to the 
length of the hydraulic actuators, alloWing one or more 
hydraulic actuators to be relocated and to temporarily sup 
port a portion of the riser tensile load. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a side cross-sectional vieW of an embodi 
ment of the riser connector invention, 

FIG. 2 shoWs the cross sectional detail of the bar shoWn 
in FIG. 1 at section 2—2, and 
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FIG. 3 shows a cross sectional top vieW of the riser 
connector shown in FIG. 1 at section 3—3. 

In these Figures, it is to be understood that like reference 
numerals refer to like elements or features. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shoWs a side cross-sectional vieW of a preferred 
connector assembly 2. The connector assembly 2 supports a 
generally doWnWard load of a riser assembly 3 from a 
Working platform or deck 4 of an offshore platform, such as 
a TLP or other buoyant platform. Riser assembly 3 is 
preferably composed of a plurality of tubular sections 
extending toWards the sea ?oor, a Weldably connected length 
adjustment spool 5 connected to an upper end of a tubular 
section at Weld 5a, and a ?ange or other end connector 6 
preferably Welded to the other end of the length adjustment 
spool 5. Alternative embodiments of the invention may use 
threaded end connectors (instead of Welded ?ange 6), exter 
nally grooved tubulars (instead of the threaded spool 5), or 
other means for attaching riser support connectors instead of 
the length adjustment spool and/or Welded ?ange. FIG. 1 
shoWs the connector assembly 2 after a drill rig, ?oating 
crane, Workover rig or other means for installing or pulling 
the riser assembly 3 has been removed and before a ?uid 
production tree or other piping has been connected to the 
?ange 6. The means for installing or pulling the riser 
assembly 3 typically also includes means for removing riser 
sections, e.g., during initial installation and major mainte 
nance activities. 

Instead of a prior art dynamic tensioner or other slidably 
positioned connector supporting the riser assembly 3 from 
Working platform 4, the embodiment of the inventive con 
nector assembly 2 shoWn supports the riser assembly by a 
location adjustable, but otherWise ?xed-position riser con 
nector assembly. The riser connector assembly 2 preferably 
comprises a load support base or support ring 7 (placed on 
or attached to the Working platform 4), six legs or bar 
assemblies 8 (instrumented With load cells 16 to measure 
forces acting on the bar assemblies) With one end contacting 
or connected to the load support ring 7, a pretension support 
ring 14 and load adjustment nut 9 connected to or contacting 
the other end of the bar assemblies 8 While being threadably 
engaged With the length adjustment spool 5. 

The rotatable load adjustment nut 9 includes an interior or 
female thread that mates With an external or male thread on 
the length adjustment spool 5 to form a coupling of the 
connector assembly 2 supporting the riser assembly 3. The 
load adjustment nut 9 is preferably composed of carbon 
steel, but may also be composed of a corrosion-resistant 
metal or other structural materials. The coupling is prefer 
ably dimensioned to produce a moderate tolerance ?t such as 
not to cause unusual machining cost or fabrication complex 
ity yet provide adequate load capability and fatigue resis 
tance. Although active lubrication of the mating threads of 
the coupling is not typically required, lubrication may be 
desirable for some applications in order to alloW a motor 11, 
a chain drive 12, and a sprocket 15 to more easily rotate (and 
translate) the attached load adjustment nut 9 on the threaded 
length adjustment spool 5. In addition, the mating threads of 
the coupling preferably include a corrosion inhibiting 
coating, such as a loW-friction plastic or metal coating, also 
tending to avoid the need for active lubrication. 

Although the load adjustment nut 9 is typically in a 
substantially ?xed position When supporting the load of the 
riser assembly 3, a means for rotating the load adjustment 
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4 
nut alloWs the load adjustment nut to be variably located 
along at least a portion of the length adjustment spool 5 
especially When other support means carry the load of the 
riser assembly. The preferred means for rotating the load 
adjustment nut 9 include an electric or hydraulic motor 11 
geared to provide su?icient torque to engage/disengage and 
rotate the threaded load adjustment nut through the chain 
drive 12 and sprocket 15. The motor-driven rotation causes 
axial translation of the load adjustment nut 9 along at least 
a portion of the length adjustment spool 5. 

In an alternative embodiment of the invention, the pre 
load support ring 10 and/or load adjustment nut 9 may be 
manually located and/or repositioned With torque bars or 
Wrenches along the length adjustment spool 5 When the riser 
assembly 3 is temporarily supported by other means. The 
load adjustment nut 9, the pre-load support ring 10 or other 
riser support means can be adjustably positioned in alterna 
tive embodiments by rotating a threaded ring using hydrau 
lic or electrical actuators (e.g., instead of a motor 11), 
providing a series of grooves on a length adjustment spool 
mating to a split or clamshell-type load support element 
(instead of a threaded load adjustment nut 9 and mating 
spool 5), or using a series of blocks to support a load support 
ring at different axial positions. Some of the alternative 
embodiments, e.g., grooved support elements, may be espe 
cially applicable to ?oating platforms that are subject to 
motions resulting from changes in Wind and/or Wave direc 
tions. 
The preferred embodiment of the connector assembly 2 

alloWs the tensile loads on the riser assembly 3 to be 
supported, at least in part, at the load adjustment nut 9 and/or 
at the pre-load support ring 10 as Well as temporarily at the 
?ange 6. The multiple riser support locations alloW transfer 
of riser assembly loads, positional adjustment of one support 
point When the riser assembly is supported at another 
support point, and preloading of one of the riser support 
elements prior to the transfer of riser loads. In an alternative 
embodiment, another riser support area is provided, e.g., by 
using a second load adjustment nut 9 mated to the riser 
assembly 3. 

In the absence of a drill rig or other means for installing 
and removing the riser assembly 3, temporary load support 
and preloading is preferably accomplished using multiple 
hydraulic actuators or cylinders 13 shoWn dotted in FIG. 1 
after a drill rig has been removed. The hydraulic actuators 13 
each contain a piston and shaft capable of being driven in 
either direction by pressuriZed hydraulic ?uid. With hydrau 
lic or other ?uid pressures ranging as high as about 3000 
psig, but more typically about 2000 psig, the hydraulic 
actuators 13 are capable of supporting tensile or compres 
sive loads of about 200 kips or more over a range of piston 
positions. For deeper Water, compressive or tensile loads of 
at least about 600 kips should be expected. The piston and 
shaft Within the hydraulic actuators 13 are preferably 
capable of being driven over a distance of at least about 2 
inches (or 5 cm), more preferably a distance of at least about 
half the diameter of the riser assembly 3, and still more 
preferably over a distance of at least about 10 inches or 25 
cm. In alternative embodiments, electrical actuators, 
mechanical jacks, or other means for temporarily supporting 
the riser assembly 3 can be used in place of the hydraulic 
actuators 13. 

The hydraulic cylinders 13 and bar assemblies 8 are 
preferably connected or removably attached to the pre-load 
support ring 10, pretension support ring 14 and/or load 
support ring 7. Alternative means for connecting or attach 
ing the hydraulic cylinders 13 and/or bar assemblies 8 can 
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include Welding or more permanent attachment. Also, 
instead of being connected or removeably attached, the 
cylinders and bar assemblies may contact and bear against 
the pre-load support ring 10, pretension support ring 14 
and/or load support ring 7. The load cylinders 13 and 
pre-load support ring 10 (Which is preferably a removable 
split ring) are portable and useable for different riser assem 
blies as part of a riser adjustment tool assembly on the 
buoyant platform 4. The bar assemblies 8 are also preferably 
portable and usable for other applications. 

In one embodiment, the bar assemblies 8 transmit riser 
loads over an adjustable bar length or dimension “d” 
betWeen load adjustment nut 9, pretension support ring 14 
and load support ring 7. Although bar dimension “d” may be 
as small as a feW inches or less, the bar dimension preferably 
ranges from about 1 to 3 riser diameters or more for 
connector assemblies 2 on a loW-heave platform in typical 
deep Water applications. In other embodiments and 
applications, the bar assemblies 8 can be omitted, e.g., With 
an alternative load adjustment nut bearing directly against 
the load support ring 7 or platform 4. In an alternative 
embodiment, solid bars (instead of the bar assemblies 8) 
having a ?xed length or dimension “d” or several sets of 
?xed length bars (each set having a different dimension “d”) 
are used. In yet another alternative embodiment, a modi?ed 
load adjustment nut and ring may avoid the need for a 
separate pretension support ring 14. For example, the modi 
?ed load adjustment nut 9 Would include a ring-like bearing 
surface such that the bar assemblies 8 directly transmit loads 
betWeen load support base 7 and the modi?ed load adjust 
ment nut. In this alternative embodiment, the bar dimension 
“d” may have to be changed to accommodate the dimensions 
of the modi?ed load adjustment nut and bearing surface. In 
still another alternative embodiment, the load adjustment nut 
9 Would bear against a modi?ed pretension support ring 
having a shape that alloWs other positions and adjustments 
of the bar assemblies 8, load cylinders 13, and the varying 
of dimensions “d” and “d1.” 

In a preferred process of using the connector assembly 2, 
a drilling rig or other means for temporarily supporting the 
riser assembly 3 in an initial position is attached to ?ange 6 
While the load adjustment nut 9, preload support ring 10, 
and/or bar assemblies 8 are adjusted and set in a desired 
position relative to the riser assembly. After the riser assem 
bly 3 is set in its initial position, a preload force is preferably 
applied to load adjustment nut 9, preload support ring, 
and/or riser assembly 3 by means of the drilling rig and/or 
the hydraulic cylinders 13. 

The preferred preload force is suf?cient to place the load 
adjustment nut 9 in a desired position With respect to the 
platform 4 after the temporary support of the riser assembly 
3 and/or the preload force (e.g., applied by hydraulic cyl 
inders 13) are removed and the riser assembly 3 is supported 
by the load adjustment nut in a substantially ?xed location. 
If the hydraulic cylinders 13 are used to apply the preload, 
the preload can be measured by the ?uid pressure in the 
hydraulic cylinders or more directly by the load cells 16 on 
the bar assemblies 8. 
A source of pressuriZed ?uid supplies the hydraulic cyl 

inders 13, preferably on the cylinder side, resulting in a 
pushing outWard or a cylinder-rod-extending preload having 
a component in a vertical direction betWeen the load adjust 
ment nut 9 and pre-load support ring 10. In alternative 
embodiments of the connector assembly 2, other means for 
preloading can be used, e.g., replacing the hydraulic actua 
tors 13 and associated load transfer elements With Wedges, 
mechanically operated jacks, threadably extendable legs 
(similar to the bars 8), or ?uid actuated telescoping supports. 
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6 
In a preferred embodiment, riser preloads are preferably 

tensile loads equal to or greater than the buoyant Weight of 
the riser assembly 3, but preloads or pretension forces more 
preferably range from about 100,000 pounds more than the 
buoyant Weight of the riser assembly to about tWice the 
buoyant Weight of the riser assembly or more. For a TLP in 
about 3,000 feet of Water having a 133/8 inch nominal 
diameter riser assembly With internal casing and tubing, a 
preferred preload for the riser assembly 3 ranges from about 
600,000 pounds up to an extreme load of about 1,000,000 
pounds. In other applications, the preload and/or supporting 
forces may be signi?cantly larger or smaller, but the preload 
is typically substantial, e.g., greater than about 10,000 
pounds. 

The hydraulic actuators 13 transmit the preload forces 
betWeen the pre-load support ring 10 and pretension support 
ring 14 over the actuator dimension “d1,” Which is prefer 
ably in the same range of dimensions as the bar dimension 
“d.” HoWever, the hydraulic actuator dimension “d1” can 
range from about a feW inches or less to 36 inches or more, 
more typically ranging from at least about 6 inches to about 
24 inches. If dimensionally similar, the hydraulic actuators 
13 and bar assemblies 8 can be interchanged so that (if 
desired) the riser assembly 3 may be fully or partially 
supported from the pre-load support ring 10 or load adjust 
ment nut 9 using the hydraulic actuators. Interchangeability 
may only require a partial overlap in the range of length 
dimensions of the hydraulic actuators 13 and the bar assem 
blies 8. In still other alternative embodiments, actuator 
dimension “d1” can be increased or decreased to accommo 

date the expected changes in the position of the pretension 
support ring 14 and/or load adjustment nut 9 Without being 
interchangeable With the extendable length “d” of the bar 
assemblies 8. 
A preferred procedure for positioning, connecting, and 

?xedly supporting the riser assembly 3 to the Working 
platform 4 begins With adjusting the vertical position of load 
adjustment nut 9 (using motor 11, chain drive 12, and 
sprocket 15) While the riser assembly 3 is at least partially 
supported by other means, such as a drilling rig or hydraulic 
cylinders 13. After positioning and/or pre-loading the con 
nector assembly 2 and the length adjustment spool 5 using 
the hydraulic cylinders 13, the drilling rig or other temporary 
means for supporting riser assembly 3 is unloaded and 
removed, thereby transferring substantially all of the riser 
assembly load to the bar assemblies 8. If the preloading 
process is accomplished using the hydraulic cylinders 13, 
the preloading on adjustment nut 9 can be removed by 
reducing the ?uid pressure Within the cylinders, and the 
cylinders sWung out of the Way and disconnected, creating 
a substantially rigid riser-to-platform connection that sup 
ports a load comprising at least a substantial portion of the 
buoyant Weight of the riser assembly 3 plus any desired 
tension on the riser assembly. During the riser assembly 3 
installation/positioning/preloading/supporting procedure as 
Well as during resource recovery operations, data from the 
load cells 16 on the bar assemblies 8 are preferably moni 
tored to assure a safe and reliable transfer of the support 
loads, preloads, and tensioning loads on the riser assembly 
and the load support ring 7. 

In addition to removing the hydraulic cylinders 13, the 
pre-load support ring 10 and/or a modi?ed pretension sup 
port ring 14 may also be removed if no longer required after 
the preloading process. Removal of the hydraulic cylinders 
13, pre-load support ring 10, and the modi?ed pretension 
support ring alloWs them to be used for other purposes 
during other resource recovery operations. For example, the 
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load hydraulic cylinders 13 can be used to adjust the position 
of other riser assemblies as a portable jacking/preloading 
tool package on the platform 4. 

FIG. 2 shoWs a partial cross-section vieW of a detail of an 
adjustable bar assembly 8 at section 2—2 shoWn in FIG. 1. 
The adjustable or extendable bar assembly 8 shoWn com 
prises a threaded male element 8a and a mating female 
threaded element 8b, alloWing the bar assembly to extend 
and retract over a range of bar dimensions “d” (shoWn in 
FIG. 1) by differentially rotating the male and female 
elements. The bar dimension “d” is preferably altered by 
rotating the male element 8a With respect to the female 
element 8b While the riser assembly 3 (see FIG. 1) is at least 
partially supported by other means. Once differential rota 
tion of the male element 8a and the female element 8b 
obtains a desired bar dimension “d,” a set screW or other type 
of release ?tting 17 is preferably set to substantially prevent 
differential rotation of the male and female elements and to 
substantially ?x the desired bar dimension “d” prior to the 
riser load being applied. 

FIG. 3 shoWs a cross-sectional vieW at section 3—3 as 
shoWn in FIG. 1. The preferred support ring 7 has tWelve 
support indentations 18, six of Which (in an alternating 
pattern) are preferably used to contact and support the bar 
assemblies 8. The other six indentations 18 may be used to 
support other bar assemblies 8 or the hydraulic cylinders 13 
in other embodiments, e.g., during maintenance or other 
resource recovery operations. Something other than six of 
the tWelve indentations 18 may be used to support the bar 
assemblies 8 in other applications or embodiments. 

With reference to FIGS. 1 and 3, multiple hydraulic 
cylinders 13 can be used in another alternative embodiment 
instead of the preferred six bar assemblies 8. The multiple 
hydraulic cylinders 13 provide a generally constant load 
support for the riser assembly 3 in response to platform 
motions instead of the generally ?xed position support in the 
preferred embodiment. In this alternative embodiment, all 
six bar assemblies 8 of the preferred embodiment are 
replaced With six or more hydraulic actuators 13 connected 
to a pressuriZed ?uid supply. This substitution provides 
dynamic support capability by use of the pressuriZed 
hydraulic actuators or load cylinders 13 to adjustably posi 
tion riser assembly 3. Once this substitution is completed the 
substituted hydraulic cylinders combined With the six 
hydraulic cylinders contacting pre-load support ring 10 (as 
shoWn in FIG. 1), alloW preload and/or support forces to be 
applied to more than one point on the load adjustment spool 
5. If substantially constant ?uid pressures are maintained in 
all of the hydraulic cylinders 13, tensile loads on the riser 
assembly 3 are maintained substantially constant even as the 
relative vertical or lateral positions of the riser assembly and 
TLP change. In still other embodiments, adjustable 
mechanical springs or other “dynamic” motion load support 
devices and associated connectors can be used in place of 
some or all of the hydraulic actuators 13 and the associated 
connections. 

In another alternative embodiment, some, but not all of 
the six preferred bar assemblies 8 are replaced With one or 
more hydraulic cylinders 13, providing a combination of 
generally rigid bar assemblies and dynamic load cylinders to 
at least partially support riser assembly 3 through load 
adjustment nut 9 and support base 7. This combination of 
rigid and dynamic supporting elements can be especially 
useful as a temporary arrangement for supporting riser 
assembly 3 if one or more of the bar assemblies 8 needs to 
be replaced or if a load cell on a faulty bar assembly needs 
to be calibrated or is not functioning properly. For example, 

10 

15 

25 

35 

45 

55 

65 

8 
tWo hydraulic cylinders 13 can be installed on either side of 
a faulty bar assembly. The tWo installed hydraulic cylinders 
13 Would then be supplied With pressuriZed ?uid to at least 
accept the portion of the riser tensile preloads and/or bar 
compressive loads that Would otherWise be supported by the 
faulty bar assembly 8. PressuriZation of the adjacent load 
cylinders 13 Would unload the faulty bar assembly and alloW 
the unloaded faulty bar assembly to be replaced Without 
requiring a drilling rig or other means for temporary riser 
assembly support. 
On an offshore platform 4 having a plurality of the riser 

assemblies 3, a suf?cient quantity of the bar assemblies 8 
and hydraulic cylinders 13 Would alloW the potential for a 
temporary dynamic load support for a portion of the riser 
assemblies. Although the preferred embodiment provides a 
generally ?xed support of the riser assemblies 3, dynamic 
support of some or all of the riser assemblies may be 
desirable during extreme environmental or other conditions 
that may tend to unacceptably displace the support position 
of one or more riser connections With respect to the plat 
form. An alternative method of the invention Would retain 
the hydraulic cylinders 13 (instead of removing them after 
the riser assembly 3 is ?xedly supported) in order to provide 
greater ?exibility for this type of load and positional support 
capabilities. This ?exibility of the connector assembly 2 
alloWs environmental/operational adaptability, repair, and/or 
replacement of components Without the need for or cost of 
a drill rig. 

In a preferred embodiment With separate risers and ten 
dons on a TLP, the total doWnWard load on a buoyant 
platform includes the forces from the connected tendons and 
the risers. The portion of the total load supported by the 
connector assemblies 2 may be a majority of the total riser 
and tendon loads. For example, the connector assemblies 2 
can be set and preloaded to provide a greater tension in the 
riser assembly 3 and alloW the tendon tension loads to be 
reduced. Although tendons may be siZed for stiffness rather 
than load carrying capacity, this load sharing by the ?xedly 
connected risers may alloW reduced cost tendons and tendon 
connectors. 

In addition to supporting multiple riser assemblies 3 from 
a platform 4, the preferred ?xedly adjustable connector 
assembly 2 and riser connection method (including posi 
tioning and preloading the connector) of the invention may 
alloW the risers to support all of or an adjustable portion of 
the total generally-doWnWard tensile load on the entire 
platform. In some applications, the riser assemblies 3 can 
function as both ?uid conduits (or risers) as Well as tendons 
for a buoyant offshore platform, i.e., functioning as com 
bined risers and tendons. In these applications, especially 
applicable if the Wells are signi?cantly spaced apart on the 
sea ?oor, the connector assembly 2 Would support substan 
tially all of the total tension load on the platform. 

In another alternative embodiment, a connector assembly 
similar to the riser connector assembly 2 shoWn in FIG. 1 is 
also used to connect and support tendons anchoring a TLP. 
In this embodiment, each of the tubular tendons also has a 
Welded length adjustment spool 5 at the upper end and is 
adjustably ?xed to the TLP. This alternative riser and tendon 
connector embodiment alloWs for adjustment of the ?xed 
position support and/or the dynamic support of both the riser 
and tendon tensile loads While providing further support 
?exibility and apportionment of the total tension loads on 
the TLP. This apportionment capability also provides further 
platform safety in that both the tendon and riser loads can be 
monitored (e.g., using load cells 16) and controlled Within 
safe limits. Although this alternative embodiment uses ten 
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don and riser connections adjustably similar to the riser 
connector assembly 2 shoWn, alternative means for adjust 
ing the tendon tensile loads from a platform may also be 
used. 

The inventive riser connection method has other advan 
tages. These other advantages include alloWing a rapid 
installation of a riser assembly (e.g., using motor 11 to 
rapidly position the connector assembly While the riser 
assembly 3 is temporarily supported during installation), 
avoiding the need for some Wave compensation equipment 
(e.g., using hydraulic cylinders 13 to maintain generally 
constant tension during some Wave conditions), alloWing 
some repair or other Work to be accomplished Without 
requiring a drill rig or other means for temporary riser 
support (e.g., using the pre-load support ring 10 and plat 
form jacks during repair or replacement of the load support 
ring 7 or other portions of the connector assembly 2), and 
increasing the safety of the platform, e.g., by positional 
adjustments to improve the capability to Withstand extreme 
environmental conditions and alloWing changes in the con 
nector position/riser tension/natural frequency of the struc 
ture Without the need for a Workover rig or other means for 
pulling and installing a major portion of the riser assembly. 

Additional advantages are possible for the alternative 
embodiment having adjustably ?xed tendon and riser sup 
port connectors that also uses common outer diameter 
connectors and tubular sections for Well risers, tendons, and 
length adjustment spools. Minimizing the number of differ 
ent diameter connectors and tubular sections can reduce the 
number of handling tools, connector spare parts, and asso 
ciated equipment on the offshore platform, thereby reducing 
the siZe and complexity of the platform and associated 
facilities. Some of these advantages Would be present for 
applications having several different riser diameter tubulars 
if one of these tubular diameters is also used for the tendon 
sections. Some of these advantages Would also be present if 
different Wall thickness on common outer diameter tubing 
sections Were used for the tendons and risers, e.g., handling 
equipment contacting the outside diameter of tubing sections 
could be the same even if different tubing Wall thicknesses 
are used. 

Still other alternative embodiments are possible. These 
include providing a removable motor 11, chain 12 and 
sprocket 15 assembly (With the assembly removed after 
initial connection and reinstalled When position adjustment 
or repairs are needed), adding tension load alarms based on 
load cell data, providing a pressuriZation controller and 
automatic pressuriZation of hydraulic cylinders 13 to load/ 
reposition the riser connector based on bar assembly load 
cell data, computer-assisted tendon and riser tension loading 
procedures (e.g., using bar load cell data inputs to alter 
loading rates by means of softWare-controlled procedures), 
placing data collection, processing or other critical compo 
nents in one or more protective enclosures to assure 

reliability, and integrating ballasting procedures With riser 
repositioning procedures. 

Although the preferred embodiment of the invention has 
been shoWn and described, and some alternative embodi 
ments also shoWn and/or described, further changes and 
modi?cations may be made thereto Without departing from 
the invention. Accordingly, it is intended to embrace Within 
the invention all such changes, modi?cations, and alterna 
tive embodiments as fall Within the spirit and scope of the 
appended claims. 
What is claimed is: 
1. A connector for attaching a tubular assembly to a 

buoyant offshore platform located in at least about 150 
meters of Water, said connector comprising: 
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10 
a coupling assembly connectable to at least one portion of 

said tubular assembly and said offshore platform 
Wherein said coupling assembly is capable of applying 
a supporting force having an upWard component to said 
tubular assembly at a substantially ?xed position rela 
tive to said offshore platform; and 

a preloading assembly capable of simultaneously apply 
ing a substantial preloading force having an upWard 
component to said tubular assembly in the absence of 
means for installing a portion of said tubular assembly. 

2. The connector of claim 1 Wherein at least a portion of 
said preloading force and at least a portion of said supporting 
force are capable of being applied at different locations on 
said tubular assembly. 

3. The connector of claim 2 Wherein said buoyant offshore 
platform is a heave-constrained platform and said tubular 
assembly comprises a plurality of ?uid-conducting riser 
sections and said different locations on said tubular assem 
bly are repositionable. 

4. The connector of claim 3 Which also comprises a 
plurality of bars contacting said coupling assembly and a 
support base over a bar length dimension that can be varied 
by at least about 2.5 centimeters. 

5. The connector of claim 4 Wherein said bars comprise a 
male threaded bar element and a mating female threaded bar 
element. 

6. The connector of claim 5 Which also comprises a 
pretension nut threadably attachable to said spool and con 
nectable to said hydraulic actuators. 

7. A connector for attaching a tubular assembly to a 
buoyant offshore platform, said connector comprising: 

a coupling assembly connectable to at least one portion of 
said tubular assembly and said offshore platform 
Wherein said coupling assembly is capable of applying 
a supporting force having an upWard component to said 
tubular assembly at a substantially ?xed position rela 
tive to said offshore platform; and 

a preloading assembly capable of applying a substantial 
preloading force to said tubular assembly in the 
absence of means for installing a portion of said tubular 
assembly Wherein said coupling assembly comprises a 
threaded nut mating With a spool having external 
threads and said spool is attached to a riser section 
portion of said tubular assembly. 

8. The connector of claim 7 Which also comprises means 
Which also comprises means for rotating said threaded nut 
relative to said spool. 

9. The connector of claim 8 Wherein said means for 
rotating comprises a motor and a chain drive connecting said 
threaded nut and said motor. 

10. The connector of claim 9 Wherein said preloading 
assembly comprises a plurality of hydraulic actuators 
capable of applying a preload force to said coupling assem 
bly. 

11. The connector of claim 10 Wherein said hydraulic 
actuators have extendable dimensions that can be varied by 
at least about 5 centimeters. 

12. The connector of claim 11 Which also comprises a 
support ring adapted to transmit said supporting force and 
said preloading force. 

13. The connector of claim 10 Wherein said hydraulic 
actuators are capable of also being used to at least partially 
support said tubular at said substantially ?xed position 
relative io said offshore platform. 

14. The connector of claim 13 Wherein said hydraulic 
actuators are capable of fully supporting said tubular assem 
bly over a range of positions relative to said buoyant 
offshore platform. 
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15. A connector for attaching a tubular assembly through 
Which subsea ?uids can be produced extending from an 
underWater location to a buoyant platform located in at least 
about 150 meters of Water, said connector comprising: 

a coupling connectable to said tubular assembly and said 
offshore platform Wherein said coupling is capable of 
applying a tensile force to said tubular assembly at a 
substantially ?xed position relative to said platform; 
and 

means for adjusting said substantially ?xed position in the 
absence of means for installing said tubular assembly 
Wherein said means for adjusting comprises a rotatable 
threaded coupling actuated by a motor and said tubular 
is a riser Wherein said tensile force is a preload at least 
equal to the buoyant Weight of said tubular assembly 
and said means for adjusting is capable of relocating 
said substantially ?xed position a distance of at least 
about 2.5 centimeters relative to said tubular assembly. 

16. Aconnector for attaching a tubular to a platform at an 
offshore location having a Water depth of at least about 150 
meters, said connector comprising: 

a coupling connectable to said tubular and said platform 
Wherein said coupling is capable of applying at least a 
partially supportive force to said tubular; and 

a preloading assembly connectable to said coupling and 
capable of applying at least a substantial partially 
supportive force to said tubular. 

17. The connector of claim 16 Wherein said coupling 
applies said supportive force at a generally ?xed tubular 
location and said preloading assembly applies said substan 
tial force at a second tubular location spaced apart from said 
?rst location. 

18. A riser to offshore platform connector comprising: 
a riser support ring threadably attached to a riser assem 

bly; 
means for adjusting the axial position of the support ring 

relative to the riser assembly; 
means for applying at least a substantially supportive 

preload force to the support ring in the absence of a 
drilling rig; and 

means for removing the preload force. 
19. A riser to buoyant platform connector comprising: 
a ?rst riser support area capable of supporting the buoyant 

Weight of a riser from means for installing said riser; 
a second riser support area capable of supporting the 

buoyant Weight of a riser from said platform at a ?rst 
substantially ?xed position relative to said platform in 
the absence of means for installing said riser; 

a third riser support area capable of supporting the buoy 
ant Weight of said rise: at a second substantially ?xed 
position relative to said platform spaced apart from said 
?rst substantially ?xed position in the absence of means 
for installing said riser; and 

means for adjusting the position of at least one of said 
substantially ?xed positions. 

20. A connector for attaching a tubular assembly to an 
buoyant offshore platform located in at least about 150 
meters of Water, said connector comprising: 

a coupling assembly connectable to at least one portion of 
said tubular assembly and said offshore platform 
Wherein said coupling assembly is capable of applying 
a supporting force having an upWard component to said 
tubular assembly at a substantially ?xed position rela 
tive to said offshore platform; and 

a preloading assembly capable of applying a substantial 
preloading force having an upWard component to said 
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12 
tubular assembly in the absence of at least a portion of 
said supporting force. 

21. The connector of claim 20 Wherein said preloading 
assembly is also capable of applying a substantial preloading 
force to said tubular assembly in the absence of means for 
installing a portion of said tubular assembly. 

22. Aprocess of attaching a riser to an offshore platform 
comprising: 

connecting a support coupling from said offshore platform 
to said riser at a substantially ?xed location relative to 
said platform While said riser is supported by other 
support means; 

applying a substantial preload force having an upWard 
component to said coupling; 

removing at least a portion of said other support means 
such that said coupling is supporting at least a portion 
of said riser; and 

removing said preload force Wherein said riser and cou 
pling form a substantially rigid connection. 

23. The process of claim 22 Wherein said riser comprises 
?uid-conducting tubular sections having a centerline and 
said preload force is a tensile force substantially along said 
centerline. 

24. The process of claim 22 Wherein said riser comprises 
?uid-conducting tubular sections having a centerline and 
said preload force is a compressive force substantially along 
said centerline. 

25. The process of claim 22 Wherein said riser is con 
nected to said offshore platform in the absence of Wave 
compensation equipment. 

26. A process of connecting a riser having a ?uid 
conducting axis to an offshore platform comprising: 

supporting said riser using means for installing a riser; 
positioning a riser connector adjacent to said riser, said 

riser connector capable of supporting said riser from 
said offshore platform; 

applying an upWard preloading force of at least about 
10,000 pounds to said riser connector prior to said riser 
connector supporting said riser; and 

removing at least a portion of said preloading force after 
said riser connector is supporting at least a portion of 
the buoyant Weight of said riser. 

27. The process of claim 26 Which also comprises the step 
of removing said means for installing a riser after said riser 
connector is supporting at least a portion of the buoyant 
Weight of said riser. 

28. The process of claim 27 Which also comprises the step 
of monitoring the load supported by said riser connector. 

29. The process of claim 28 Wherein said riser connector 
is capable of supporting said riser at more than one location 
on said riser. 

30. A connector for attaching a tubular assembly to a 
buoyant offshore platform located in at least about 150 
meters of Water, said connector comprising: 

a coupling assembly connectable to at least one portion of 
said tubular assembly and said offshore platform 
Wherein said coupling assembly is capable of applying 
a supporting force having an upWard component to said 
tubular assembly at a substantially ?xed position rela 
tive to said offshore platform; and 

a preloading assembly capable of applying a substantial 
preloading force having an upWard component to said 
tubular assembly in the absence of means for installing 
a portion of said tubular assembly. 

31. Aconnector for attaching a riser to a buoyant offshore 
platform located in at least about 150 meters of Water, said 
connector comprising: 
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a coupling assembly connectable to at least one portion of a preloading assembly capable of simultaneously apply 
said riser assembly and said offshore platform Wherein ing at a second position a substantial preloading force 
said coupling assembly is capable of applying a sup- to said tubular assembly in the absence of means for 
porting force having an upWard component to said installing a portion of said tubular assembly. 
tubular assembly at a substantially ?xed ?rst position 5 
relative to said offshore platform; and * * * * * 
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